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Analysis of Er3* Incorporation in SnO, by Optical Investigation
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Er** emission in the wide bandgap matrix Snid observed either through a direct Er ion excitation process
as well as by an indirect process, through energy transfer in samples codoped Witliowik. Electron-hole
generation in the tin dioxide matrix is also used to promote rare-earth ion excitation. Photoluminescence spectra
as function of temperature indicate a slight decrease in the emission intensity with temperature increase, yielding
low activation energy, about 3.8meV, since the emission even at room temperature is rather considerable.
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I. INTRODUCTION in preparing erbium doped waveguides amplifiers (EDWA)
[10-11].
In the last decade, rare-earth doped materials earn a sig-
nificant position in the challenge to finding new optoelec-
tronic devices that can contribute for technological innova- Il. EXPERIMENTAL
tion. The behavior of rare-earth atom in semiconductor ma-

terials is among the most interesting combination of potential cgjioidal suspensions have been prepared by sol-gel

communication devices. process. The desired amount of Ef6H,0 was added to an

In its threefold oxidation state, rare-earth ions exhibit |Umi'aqueous solution of SnEbH,0 (0.2 mol), under magnetic
nescence due to 4f core transition, which is practically indestirring, followed by addition of NOH until pH reaches 11.
pendent of host matrix [1]. In the case of*Erfor instance, Resulting suspension was submitted to dialysis against dis-
these tl’anSitiOHS y|e|d SeVeral emiSSion Iines from ViSibIe tqmed water by about 10 days in order to eliminate*@.nd
infrared. In particular, the transition about 1540 nm is of great[\'HI ions_ Th|s procedure |eads to an Stable suspension (so')
interest, since it coincides with the minimum optical absorp-of Sno,:Er. Yb codoping was obtained by adding SnEr
tion from silica based optical fibers [1]. powder to an aqueous solution of Yb@H,0. Xerogels were

Many efforts have been done towards the increase of emisbtained by just drying the sol at room temperature and pres-
sion about 1540nm, such as codoping with other trivalent raresure. For photoluminescence (PL) measurements at low tem-
earth ions or oxygen, and the use of wide bandgap semicofperature, the xerogel (powder) was treated at ¥Q0during
ductors as host [2]. Electronic structure ofEmetermines 6 hours and compressed down wait 10%kgf/c? of load to
the optical properties of the resulting material. Besides thehe shape of a pellet. PL results shown in this paper have been
oxygen codoping favors luminescence even at room tempegbtained according to two distinct set-ups: for room temper-
ature, due to suppression of thermal quenching [2,3]. By theiture data, it was used a xenon lamp of 450W, a fluorimeter
other hand, the use of large wide bandgap matrix also reduc&PEX F212! and a germanium detector North Coast Scient.
thermal quenching [4], resulting in a very intense lumines-Corporation model EO-8171. For low temperature PL, it was
cence, as observed by Masahi et. al. [3] for ZiGBnQ is  used a A¥ laser from Spectra Physics model 2017 for sample
a wide bandgap semiconductor (3.6eV) and shows high reexcitation and a monochromator Jobin Yvon model T64000.
flectivity in the infrared and fair transparency in the visible, Sample cooling was done in a He closed-cycle cryostat from
above 90%[5,6]. This feature combined with low electrical Janis. A germanium detector from Edinburgh Instruments was

resistivity, due to n-type conduction originated from oxygenuysed for signal measuring and recording.
vacancies and adequate doping, leads to a very attractive ma-

terial for transparent electrodes, among very many other ap-
plications [6,7]. Conjunction of optical properties of ShO
and emission from BF ion presents a potential applicability
in optoelectronics devices. ] ] o o
Recently, waveguide properties have been observed in I_:|gure 1 shows a diagram explamlng the excitation mech-
SnOy:Er thin films [8]. SnQ based nanocomposites doped 2niSm of Sn@ xerogels doped with 2at% of Er and codoped
with rare-earth trivalent ions, obtained by sol-gel routeWith the same amount of Yb. Direct excitation ofErions
have shown efficient luminescence due to energy transfér@n Pe obtained through many distinct Process, for instance
processes, such as betweerfEand TB+ [9]. Er-doped PY directirradiation with: (a) 488nnfigs, —*F7/2) and (b)
SnG, can also be used in optical amplifiers and electrolumi-526nm ¢115/, —2Hy1/5). Non-radiative transitions may occur
nescent devices where electron-hole energy is transferred tetweerf'F; , —>4|13/2 andzHll/2 —>4|13/2 levels, which are
Er?t ion. Besides, sol-gel route has shown many advantagdabeled by (c) and (d) in Fig. 1. Indirect excitation (process (e)

lll. RESULTS
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in Fig. 1) can be done with the ¥b 2F;, —2Fs); transi-

tion (980nm), in codoped samples, since this transition has en-
ergy coincident with BY" 41;,,, —%5, transition. Process =2 $n0, bandgap
. . n =]
(f) shows this energy transfer .frqm ¥b transmczn to E? % SnO Er.Yb (2%mol)
ion. Process (g) is the non-radiative deéaM/z —"113/2 and - 2
(h) is the emission which comes fr(fmg/z to the ground state ki
C
4 15/2- In this work, photoluminescence spectra were obtained W
under distinct excitation energies, according to some transi- Tor
tion shown in Fig. 1. Besides, generation of electron-hole 3 - o (c)
pairs from the Sn@matrix was provided with excitation with 8 Wavelength (nm
328nm. Photoluminescence of excitation (PLE) were carried 2
out from the ultraviolet to near infrared (300-1000 nm), with %1 i
fixed emission at 1540 nm. =
Figure 2 shows PL spectra for tin dioxide xerogel codoped =l
with 2at% of Er and Yb. Three different excitation wave-
lengths were used: 328nm (a), 526nm (b) and 980nm (c). In
the inset, it is seen PLE with fixed emission at 1540nm.
(a)
0 -
4, T T T T T T T T
24 Erergylevdls of ; 2|:7/2 1300 1400 1500 1600 1700
B andYb” : : 4|S'|11,2 W avelength (nm)
: : 32
N : :
Ol 4F9,2 FIG. 2: Photoluminescence (PL) of Sp@r,Yb (2% at.) under exci-
~ ; 5 tation at: 328nm (a); 526nm (b) and 980nm (c). In$¥iotolumines-
x CE € 4 cence of excitation (PLE) for the same sample, with fixed emission
- 0 TE S at 1540nm.
E P . N |0
O 1 - oo
XACRCICR
g @ ™ : 12 grain boundary. The rare-earth ions located dt"sites are
< Do Y not substantially excited by this indirect procedure. The inset
(€) |0 i 4| . )
o> 0 F 13 in Fig. 2 shows PLE for the same xerogel at room tempera-
o g ture. It is observed a very strong absorption in the bandgap
3 ™ 3+ 4115,2 of SnQ, matrix due to electron-hole generation, which in turn
Yb E’ promotes Er emission seen in Fig. 2(a). It is well known that

emission from substitutional sites is easily observed via band-
) _ & en to-band excitation of Sn9[12]. Then, the large band ob-
FIG. 1: Energy levels diagram of £rand Yb™". served by PLE is a strong indication thafEmenters into the
lattice, in substitution to Sn atoms. In the inset of Fig. 2 it is
A recent investigation of PL spectra [12] of Spi@r,Yb  also observed intra-ff transitions from ground stéltg;/zto
xerogels with doping concentration of 0.1at% yield informa-excited state$F; 5, ?Hi1/5, *Sz/» € *Fg/,. Some of these
tion on Er localization in the matrix. Two families of Er sites states are labeled in the inset of Fig. 2. A peak around 980
were found in Sn@ substitutional to Sh™ and segregated at nm is also observed, which suggests absorption by Yans.
boundary layer. The second family is related to the solubil- Figure 3 shows temperature dependence of PL spectra in
ity limit of rare-earth (RE) ions in tin dioxide, which is about the range 8 K to 280 K for 2at% Er doped Sp®ero-
0.05at%, and the doping excess become located at boundaggl. Figure 3(a) shows curves measured at 50 K and 200
layer as a RESnO7 phase [13]. For the high doping concen- K and Fig. 3(b) for 8 K and 280 K. The Er transition
tration (2%) of the samples reported here, it is expected veryl,;, —*I;5, around 1500nm is clearly evidenced by the
many Er complexes segregated at boundary layer. Figure gresence of several peaks. All the recorded spectra were ob-
shows the emission efficiency of Er at room temperature, extained strictly under the same experimental conditions: slit
cited either directly, curves (a) and (b), or by an energy transepening in the entrance and the exit of the germanium detec-
fer process form Y&" to EPT (?Fg p-+%l15/2 —?F7/o*+ *l11/2),  tor, Ar laser power irradiating the sample (15 mW), and ex-
curve (c). When pumping Y& ions with a monochromatic ~citation wavelength (488nm), which corresponds to transition
light of 980 nm of wavelength, Er emission is as observedf ground state to Br 4F7/2.
in Fig. 2(c). In a previous paper [12], it was verified that It can be noticed that temperature decrease leads to PL
codoping with YB™ is efficient only for EF* ions located at  intensity increase, since the cooling down decreases the lat-
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tice vibration of Sn@, and then phonon assisted nonradiative Figure 3(c) shows integrated intensity of PL data for the
processes, which enhance light emission froft Eore tran- transiti0n4|13/2 — 4I15/2 as function of T1. Itis seen that
sition. It also can be noticed that details of the low temperaturéhere is a decrease of intensity of luminescence with temper-
spectra are not observed at higher temperatures. In the meature increase, and a smooth thermal quenching takes place
surement carried out at 8 K (Fig. 3(b)), it is clearly seen thefor temperatures above 50 K. The Arrhenius plot yields low
presence of a peak about 1555nm, which is not observed activation energy, 3.8meV, compared to Er doped Si single
280 K. This vanishing is probably related to lattice vibration. crystal, 150meV [1]. In the latter case the intensity reaches 3
All the observed peaks are related to the transition of excitedrders of magnitude higher with temperature decrease, being
state*l;3/, to the ground stat8l ;5. even eliminated at room temperature.

In the case reported in this paper, the magnitude of PL in-
tensity in Er-doped Snghas varied only one order of mag-
SnO,:Er (2%) nitude, which explains the low activation energy. This feature
may be related to the nonradiative centers which are present at
; — 50K boundary layer due to excess of Er, which reduces the emis-
44 j W sion efficiency, even at low temperature. It is well-known that
1 A Pl LY in Si matrix, oxygen vacancies increase these nonradiative ef-
o4 st e M e N fects [15]. In our samples this energy may be related to the

— T T T T T energy needed to release the electron from the boundary layer
1480 1500 1520 1540 1560 1580 1600 . . o

defects (potential barrier), to become able of decaying in a ra-

Wavelength (nm) diative or nonradiative way. New measurements with other
concentration of Er doping are in progress and shall help the
understanding of the temperature dependent process of PL in-
tensity. However it is worthy noting that even at room tem-
perature there is luminescence in Er-doped Swvhich may
________ become very important for new technological applications.
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Photoluminescence properties of Er-doped tin dioxide in
the form of xerogels have been investigated.

Temperature dependent excitation of 2at%Er in Sn@h
488nm promoted the excitation of ions’Erto its *F7 , level
E,=3.8meV and the probable decay to nonradiative Ié’\!@é/z, with sub-
seqguent emission to the ground stét@s/z, which means
emission about de 1540nm. Slight increase with temperature
is observed in the luminescence intensity, yielding low activa-
1000/T (K1) tion energy, 3.8meV, which may be related to the Er excess at
boundary layer.

FIG. 3: Temperature dependence of PL for 2at% Er doped,Sn0 !N Samples codoped with ytterbium, energy transfer process

xerogel. (a) Temperatures 50 K and 200K, (b) 8 K and 280K, (c)ffom Yb*" to Er*" has shown effective for Ef ions ad-
Integrated intensity of PL as function of reciprocal temperature. ~ Sorbed at boundary layer. It has been observed emission about

1540nm either for samples excited indirectly, through pump-
The presence of several peaks can be attributed to the spliig of Yb*' ions and by excitation band-to band of Sn@a-
ting of 4|13/2 and 4|15/2 levels due to the matrix crystalline trix as well as direct excitation of EP. These results are in
field. In Si matrix [14] the Bt 4|13/2 manifold has its 900d agreement with previous data reported for 0.1at% Er

second and third levels located 4.2meV and 8.9 meV fromoNQ: samples, where the rare-earth dopant enters substitu-

the lowest lying level, respectively. Then a radiative transi-ional to Srt* or remains segregated at particles surface.

tion from the degeneraft, 5/, state to the grounti s, state

presents peaks shifted at 9 and 16 nm respectively from the acknowledgement

lowest energy level. These upper states of the excited degen-

erate“llg/z level become populated due to local laser heating The authors wish to thank Prof. #8. B. Oliveira and
[14], as evidenced by the fact that such a line splitting does ndProf. Américo S. Tabata for the use and help with the tech-
takes place when the sample is irradiated with monochromatinical set-up, and CAPES, FAPESP, CNPq for financial re-
light coming from a xenon lamp (Fig. 2). sources.
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